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RECOVERY OF SCHEELITE AND BYPRODUCT SPHALERITE 
FROM WESTERN U.S. TACTITE ORES 


By J. Me Gomes, ! A. E. Raddatz, 2 and Me Me Wong 3 


ABSTRACT 


Bench-scale flotation tests were conducted on two western tactite ores 
to study the recovery of tungsten and zinc minerals. The investigation, 
which is part of the Bureau of Mines ongoing program to develop methods 
for beneficiating minerals and metals from domestic low-grade ores, dem- 
onstrated the feasibility of producing scheelite, sphalerite, and their 
bulk concentrates. Sphalerite concentrates containing 51 to 53 pct Zn 
and less than 0.11 pct WO, were selectively recovered prior to scheelite 
flotation. Zinc recovery ranged from 85 to 91 pct. Scheelite concen- 
trates containing 1/7 to 25 pct WO, were then recovered from the ore; 
tungsten recoveries ranged from 88 to 94 pct. Bulk flotation concen- 
trates containing 84 to 91 pct of the WO, and 87 to 95 pct of the zinc 
also were prepared. More than 98 pct of the WO, in a bulk concentrate 
containing 9 pct WO; was extracted by autoclave leaching with a soda 
solution. The zinc remained in the leached residue. 


IMetallurgist. 

2Chemical engineer. 

3supervisory chemical engineer. 

All authors are with the Reno Research Center, Bureau of Mines, Reno, Nev. 


INTRODUCTION 


The Bureau of Mines is investigating 
methods for recovering scheelite and 
associated minerals from Western U.S. 
tactite ores. The Bureau is concerned 
with recovering minerals from low-grade 
domestic resources and with maximizing 
the recovery of metal values whenever 
possible. In the western United States, 
scheelite occurs in contact metamorphic 
or tactite deposits. In addition to 
scheelite, the deposits may contain 
molybdenum, copper, lead, zinc, gold, and 
silver. The base metals usually occur as 
sulfide minerals, and gold and silver are 
usually associated with these sulfide 
minerals (2).4 The ores may also contain 
significant quantities of the nonmetallic 
minerals, such as fluorite and garnet. 


Most western tungsten operations do not 
recover byproducts. The exception is the 
2,000-ton-per-day Pine Creek Mine in Inyo 
County, Calif. Molybdenum, gold, silver, 
and copper are recovered in its mill (3). 
Most tungsten mining operations are 
small, 100 to 500 tons per day, and oper- 
ate during periods of high tungsten 
prices. The recovery of associated min- 
eral and metal values could stabilize the 
operations during periods of depressed 
tungsten prices. 


The introduction of the soda- 
autoclave-solvent extraction process for 
the preparation of ammonium paratungstate 
(APT) has eliminated the need for prepar- 
ing 60-pct-WO, concentrates (4). Before 
the APT process, only high-grade concen- 
trates were accepted for processing. 
With the advent of this process, emphasis 
was placed on high scheelite recovery and 
concentrates containing 10 to 20 pct WO,. 


The preparation of lower grade~+ WO, con- 
centrates permits alternatives for the 
recovery of byproduct minerals. If the 


byproduct mineral is insoluble in a soda 
lixiviant, the WO; can be separated from 
the other minerals and will yield byprod- 
uct residue. If the byproduct metal is 
soluble, selective precipitation or sol- 
vent extraction methods may be used to 
recover the metal. 


The objectives of this investigation 
were to determine potential byproduct 
metals and minerals in samples from major 
tungsten deposits in the Western States 
and to study methods for the recovery of 
scheelite and byproduct values frome ores 
containing significant quantities of 
byproducts. 


PRELIMINARY INVESTIGATIONS 


The analyses of tactite samples ob- 
tained from six tungsten mining districts 
are shown in table l. The samples con- 
tained the usual skarn minerals--epidote, 
garnet, and diopside--and quartz, cal- 
cite, pyrite, and pyrrhotite. 


The major byproduct constituents were 
sphalerite and fluorspar in the Lincoln 
County No. 1 ore (L10) and sphalerite in 
the Lincoln No. 2 ore (L20). Molybden- 
ite in the Mineral County, Nev., and 
Madera County, Calif., samples could 
also be recovered. 


4underlined numbers in parentheses re- 
fer to items in the list of references at 
the end of this report. 


TABLE 1. - Analysis of tactite ores, 
percent 




















Madera, Calif. 
Elko, Nevecee. 
Lincoln, Nev.: 

UlGeewessecs 

L20 cecccccas 
Mineral, Nev.. 
Pershing, Nev. 


Madera, Calif. 
Elko, Nev...e. 
Lincoln, Nev.: 

L1O0 ce esccoes| 200 

L220. ccccvcce| 200 
Mineral, Nev.. 
Pershing, Nev. 


Bulk sulfide flotation 
were recovered from the 
analyses of the sulfide 
shown in table 2. The major reason for 
recovering sulfide concentrates is that 
most of the potential byproducts occur as 


concentrates 
samples. The 
concentrates are 


sulfide minerals or are associated with 
the sulfide minerals. In commercial 
practice, sulfide concentrates are 


obtained at many scheelite mills because 
the sulfide minerals are preferentially 
concentrated with the reagents used in 


the flotation of scheelite (4-5). The 


most efficient method for preventing 
sulfide grade dilution is to selectively 
recover the sulfide minerals before 


scheelite flotation. 


TABLE 2. - Analysis of sulfide flotation concentrates 


Source 










Madera, Calif... 1.6 
Elko, Neveccecccvce 
Lincoln, Nev.: 
L100. ccccnccccvcce 
TZU ss bun ones 0 0 p-0 
Mineral, Nevec.eooe 


Pershing 9 NGV «sma 8 


The major minerals in the sulfide con- 
centrates were pyrite and sphalerite. 
Some concentrates contained minor amounts 
of pyrrhotite. The L10, which contained 
scheelite, sphalerite, and fluorite, was 
selected for further investigation. The 
L20 was also selected for the recovery of 
scheelite and sphalerite. The Madera 


EXPERIMENTAL 


Samples selected for flotation studies 
were crushed to minus 20 mesh in labora- 
tory cone and roll crushers. The minus 
20-mesh ore was reduced to minus 100 mesh 
by grinding for 1 hr in a_ laboratory jar 
mill. The mill charge was 1,000 g of ore 
and 500 g of water. The flotation exper- 
iments were performed in a Denver No. 125 












Weight, 
“ee ee a ee 


Oz/ton 
Ag 


concentrate contained 0.04 oz of gold and 


1.5 oz of silver per ton. The Pershing 
and Mineral concentrates contained 
1.7 and 1.1 oz of silver per ton, respec- 
tively. The byproduct mineral contents 
of the Madera, Pershing, and Mineral 
Counties ores were considered too low to 
warrant additional studies. 


PROCEDURES 


laboratory cell. Reno municipal water 
was used in the experiments. Pulp densi- 
ty was about 33 pct solids, unless spe- 
cifically stated otherwise. Tungsten and 
zinc were analyzed by X-ray fluorescence, 
gold and silver by fire assay, and other 
elements by atomic absorption or induc-— 
tively coupled plasma. 


EXPERIMENTAL RESULTS 


Flotation of Scheelite and Sphalerite 


The L1O and L20 contained 
cant quantities of zinc. The L10 


signifi- 
also 


Reference to specific brands is made 
for identification only and does not 
imply endorsement by the Bureau of Mines. 


contained 5.2 pct 
tive recovery of scheelite 
ite was investigated. The 
steps were used and are shown in 
the flowsheet in figure 1: (1) sulfide 
flotation to remove pyrite, (2) sphaler- 
ite flotation, (3) rougher scheelite 


CaF.. The selec- 
and sphaler- 
following 









Pyrite flotation 


FeSe concentrate 











Sphalerite flotation 


Zinc concentrate 





CaWOq concentrate 


Scheelite flotation 





Scavenger flotation 


Tailing 


FIGURE 1. - Flotation sequence for Lincoln ores. 


flotation, and (4) scavenger scheelite 
flotation. Since satisfactory results 
were obtained in the preliminary studies, 
only afew reagents were investigated 
for the flotation of pyrite and sphaler- 


ite. The investigation indicated that 
sodium sulfide and copper sulfate 
used in sphalerite flotation had an 
adverse effect on scheelite flota- 
tion. Therefore, sodium sulfide was 
eliminated, and copper sulfate was 
decreased to the minimum quan- 
tity necessary for efficient zinc 
recovery. 


Grinding and screening of the ores 
showed that 50 pct of the fine scheelite 
and sphalerite grains concentrated in the 
minus 400-mesh fractions. This is illus- 
trated in table 3, which shows the parti- 
cle size distribution and WOz and Zn 
distribution in Ll10O and L20 feeds to 
flotation. 


TABLE 3. - WOz and Zn distribution in ground Lincoln ores 


Weight, Distribution pet 


pet 


Ore and sieve size 


L10: 
PLUS LOO je sreteese ots oteiele © 
100 Dy 150. wes cece ec es 
L507 by. (ZOO Ss wes os10'0 otetete 
ZOUNDY 027 Uso slelete aisles case 
2PUR DY © AU res ale oie isis s eLecsss 
Mi TU Gas Ue eter eteroususialeie te ete 


L20: 
PLUSILOU Ss aves toteseie is teceiets 4.476 
100 by 150. .ccccvccccves 
L500. by, 200. aicic.0:s oe 50.5 2 ois 
PAU eT LOR AeA am Shrae 
21 OS DY a SOU eietats evore eves! o 1 31s 


NAp Not applicable. 


Because of the low WOz content of 
the L20, a preflotation gravity- 
concentration technique was considered. 
A heavy mineral concentrate was pre- 
pared with a laboratory heavy-liquid 
separation procedure using Diiodo- 
methane (sp. gr. 3.3). Microprobe and 





Za 


0 0.7 

2 cies 

10 9.8 

1 1340 

20 ign 

DZ 54.4 

00.0 

1.1 

6.3 

neu 

11.6 

Zoot 

50.2 

00.0 
microscopic examinations of the heavy 
fraction showed that a considerable por- 
tion of the scheelite and _ sphalerite 
grains were in the 10-ym range, and it 
contained over 90 pct gangue minerals. 
Gravity concentration did not appear 


effective and was rejected. 


The conditions and quantities 
gents used for the four flotation 
are shown in table 4. The following rea- 
gents were used in sulfide flotation: 
sodium carbonate for pH adjustment, 
sodium ethyl and potassium amyl xanthates 
for sulfide collection, and Dow 250 for a 


of rea- 
steps 


froth control. In the zinc flotation 
step, copper sulfate was the sphalerite 
activator, and Z-200 (isopropyl ethyl 


thiocarbamate) was the collector. In the 


scheelite flotation step, sodium silicate 
(grade K) was the silicate mineral 
depressant, lanolin was the calcite de- 
pressant (1), tall oil (FA-2) was’ the 
scheelite ~ collector, and Dow 250 was 
the frother. Other scheelite collectors 
were investigated, such as oleic acid, 
Dressinate TX 65-W, and EPG (FA-3), and 


TABLE 4. — Flotation conditions and reagents for Lincoln ores! 


Conditioning 
time, min 






Flotation steps 


PYCILCE Ts es cic teavccccvveve 5 
Sphalerite..ccccccccccces 5 
Rougher scheelite........ 10 
Scavenger scheelite...... 5 





Ores ground for 60 min and with 1.0 1b Na,CO, per ton. 


Analyses of flotation products and dis- 
tributions of metal values are shown in 
table 5. Photomicrographs of the sphal- 
erite and _ scheelite concentrates are 
shown in figure 2. The only minerals 
identified in the sphalerite concentrate, 
figure 2A, were sphalerite and pyrite. 
The sphalerite grains contain approxi- 
mately 10 pet Fe. The iron content in 
more than 20 grains was’ constant. The 
scheelite concentrate, figure 2B, con- 
tains scheelite, calcite, and fluorite 


all yielded similar results to _ those 
obtained with the tall oil (FA-2). 
Reagents 
Type Amount, 
1lb/ton 
Sodium ethyl xanthate....eee. 0.2 
Potassium amyl xanthate...... o2 
Dow 250 TTOtCHnGlsecetes ce ceees -10 
Sodium carbonates ccocccccccee 4.0 
CUSO, wccccvccccccccccccccecee 74 
Isopropyl ethyl thiocarbamate 02 
Sodium carbonate. cccccccevees 2.0 
Dow 250 frotherececvevcccccee 10 
Na,Si0, (K PTAdEC )eccceveccces LTO 
Tall OG: Loo 5 aie uete Wie.e Gietee ane e bs a8 -60 
Fe Stee RA OA Pr ae ~50 
Dow 250 FYOENE Lvs ciel oe lcleletesescte aL 
Tall Ol Osc elee clean eivitels oss .30 
and <l pct quartz and pyrite. The 
rougher scheelite concentrate prepared 
from the L10O had the following mineral 


composition, in percent: scheelite, 31; 
sphalerite, 6.7; fluorite, 29; and cal- 
cite, 125 The remainder was skarn type 
minerals. The rougher scheelite concen- 
trate obtained from the L20 had _ the 
following mineral composition, in per- 
cent: scheelite, 21; sphalerite, 43; 
fluorite, 11; calcite, 13.5; skarn type 
minerals, 11.5. 





_« * 


FIGURE 2, - Scheelite and sphalerite concentrates. A, Sphalerite concentrate fromL10; B, scheelite 





concentrate from L20, SCH~scheelite, CC~calcite, F~fluorspar, and SP—sphalerite. 


TABLE 5. — Analysis and distribution of WO, and Zn in flotation products 


Products 


L10 concentrate: 
PYLICCs, ccoccccccvccecccccccce 
Sphaleritescccccccccccvvese 
Rougher scheelite..ccweeeee 
Scavenger scheelite...ceece 
Tailing. .cccccccccccccveses 


L20 concentrate: 
PYLitec .ceeecccvvecccccvece 
Sphalerite. cecccccccecccecece 
Rougher scheelite.-.ccccceee 
Scavenger scheelite......e. 
Tailings eecvccvcccccvscvces 





Distribution, pct 


Weight, | Analysis, pct 
pet Zn 





1 5 
<l 85 
88 7 

6 <l 

4 3 

0 3 

Ps 91 
74 4 
14 <1 
10 2 


TO ta lisis’sth tes ws ce ah cette os 100.00 100 


NAp Not applicable. 


The sphalerite concentrate prepared 
from the L1O contained 85 pct of the zinc 
and <l pet of the WO,. The rougher and 
scavenger scheelite concentrates con- 
tained 94 pct of the WO, and 7 pct of the 
zinc. The sphalerite concentrate from 


the L20 contained 91 pct of the zinc and 
2 pet of the WO; . Eighty-eight percent 
of the WO, and 4 pct of the zinc were 
recovered in the rougher and scavenger 
scheelite concentrates. The sphaler- 
ite concentrates from the Lincoln ores 


contained more than 50 pct Zn and were 
considered marketable. The scheelite 
concentrates from the L1O and _ L20 con- 
tained 25 and 17 pct WO;, respectively, 
which are acceptable grades for feed to 
an APT plant. 


The effect of pulp density on scheelite 
and zinc recovery and concentrate grades 


was investigated with the LIO. The 
results are shown in table 6. The 
procedure and reagents were the’ same as 
those shown in table 4, except that the 
pulp densities were varied from 28 to 
42 pet. Increasing the pulp density from 
33 to 42 pct would increase plant capac- 
ity by about 25 pct. 


TABLE 6. — Effect of pulp density on WOz and Zn recoveries 







1 
= 
be = 4 
28 9 


The combined rougher and scavenger WO; 


recoveries ranged from 90 to 97 pct and 
the zinc recoveries from 88 to 90 pct. 
The “best overall “trecoveries=-W0;, §92- 
97 pct.) and* zinc,’ "88-90 pct--were’ § ob- 
tained at pulp densities of 33 and 
38 pet. The scheelite concentrate grades 


ranged from 25 to 28 pct WO;z. The zinc 
contents of the sphalerite concentrates 
ranged from 31 to 53 pet. Increasing the 
flotation pulp density from 33 to 42 pct 
did not adversely affect recovery or 
grade of the scheelite concentrates. 


Recovery of Bulk Concentrates 


The recovery of a concentrate contain- 
ing sphalerite and scheelite was investi- 
gated because this type of concentrate 
could be used as feed for an autoclave 
leaching-solvent extraction process for 
the preparation of ammonium paratungstate 
(APT). The WO; in the bulk concentrate 
would be leached with sodium carbonate in 


see Ne concentrate 


ex 3 ia er : po 












Sphalerite 
concentrate 
Zn recov- 
ery. pct 









. 
1l 


an autoclave. The zinc in the’ residue 
could be recovered by roasting followed 
by caustic or acid leaching. 


The flotation conditions used to obtain 
a bulk scheelite-sphalerite concentrate 
were similar to those shown in table 4. 
A pyrite concentrate was prepared, and 
the separate sphalerite flotation step 
was eliminated. Copper sulfate to acti- 
vate sphalerite was added with the rea- 
gents for the rougher scheelite flota- 
tion. The pulp was conditioned 10 min 
and a bulk concentrate recovered. 


results for the L10O and 
L20 are shown in table 7. The bulk con- 
centrate prepared from the L10 contained 
9.4 pet WOz and 20.9 pct Zn, and recov- 
eries of 91 pet of the tungsten and 
87 pet of the zinc were obtained. The 
bulk concentrate from the L20 contained 
1.5 pet WOz and 46.5 pct Zn, and recov- 
eries were 84 pct WOz and 95 pct Zn. 


The flotation 


TABLE 7. — Recovery of bulk sphalerite-scheelite concentrates 









Products 
pet 






L10 concentrate: 
Pyriteecveececes 
Bulk.cccccccvece 
SCAVENGELe eeevee 
Tailing..cccceoee 

Total. ccecece 

L20 concentrate: 
Pyrite. ccecccece 
Bulkecccvccccces 
SCAVENGELe oeeeee 
Tailing.-.cccceee 

Total. .cvecee 

NAp Not applicable. 


Weight, 




















Distribution, pct 


Sodium Carbonate Leaching of Bulk sodium carbonate leaching of scheelite. 
Concentrates The residue contained 0.25 pet WO,, 
24 pet Zn, 35 pet CaF, 20 pct CaCOz, and 
The L10 concentrate was pressure the remainder, gangue minerals. The 
leached in a sodium carbonate solution, pregnant solution containing 29.4 g WO, 
which extracted more than 98 pet of the and <0.001 g Zn per liter is suitable for 
WO;. Operating conditions were as fol- feed to the APT process. The residue was 
lows: 100 g of concentrate, 20 g Na,CO, suitable for further processing. The 
(400 pet stoichiometric), 300 ml H,0, zinc could be extracted by selective 
and 3 hr at 200° C and approximately leaching and the fluorite beneficiated by 
300 psig. Leaching conditions were simi- flotation. 
lar to those used in the commercial 
CONCLUSIONS 


Scheelite and sphalerite concentrates 
were selectively recovered from two com- 
plex tactite ores. A sphalerite concen- 
trate containing 85 pct of the zinc and 
<l pet of the WO, was recovered from the 
L10, which contained 2.6 pct Zn and 
1.17 pet WO,. Rougher and scavenger 
scheelite concentrates containing 94 pct 
of the WO, and 7/7 pet of the zinc were 
obtained. 


A sphalerite 
91. pct of 
was obtained from the 
tained 5./ pet Zn and O.17 pet WO;. 
Rougher and scavenger scheelite concen- 
trates containing 88 pct of the WO, and 
4 pet of the zinc were obtained from the 
L20. 


concentrate containing 
the zinc and 2 pct of the WO, 
L20, which con- 


The WO; contents of the L1O and 
L20 rougher scheelite concentrates were 
25 and 1/7 pct, respectively, and would be 
acceptable feed for a soda _ leaching- 
solvent extraction process and prepara- 
tion of APT. The zinc contents of the 
L10 and L20 sphalerite concentrates were 
53.4 and 51.8 pct, respectively, and were 
acceptable market products. 


Bulk flotation concentrates containing 
9.4 pet WO, and 20.9 pet Zn, and 1.5 pct 
WO; and 46.5 pct Zn, were recovered from 
the L1O and L20, respectively. The zinc 
recoveries in the bulk concentrates were 
87 and 95 pct, and the WO, recoveries 
were 91 and 84 pct (for LI1O and 41L20, 
respectively). 


The WO; was selectively extracted from 
the concentrate containing 9.4 pct WO; by 
the soda autoclave-leaching technique. 
The pregnant solution contained 29.4 g 
WO, and <0.001 g Zn per liter, and the 


REFERENCES 


1. Gomes, J. M., 
R. M. McAlexander. 
Lanolin Modifiers. 
June 17, 1980. 


D. A. O'Keefe, and 
Froth Flotation Using 
Usowebats. 4.205.275. 


UeeeOUDS, 56 We, atid J. E. Blidott. 
Tungsten. Ch. in United States Mineral 
Resources. U.S. Geol. Survey Prof. Pa- 


per 020, 19/3, pp. 66/-6/78. 


Deer hs Ke 
sten. Waverly Press, 
E4509 Dp. 


Ge, and Cy i, Wang. Tung- 
New York, 3d ed., 


wU.S. GOVERNMENT PRINTING OFFICE: 1982 - 505 - 002/84 


residue contained 24 pct Zn. The bulk 
concentrates are suitable feed for prepa- 
ration of APT by the soda _ leaching- 
solvent extraction process. 

Haey ise Ose Ns eye anG GO. le, Wang. 
Tungsten. Plenum Press, New York, 1979, 
500 pp. 


Dial *LAdre; Jeabe 
ing Tungsten. BuMines IC 7912, 
120 pp. 


Milling and Process- 
1959, 


BLM Library 

Denver Federal Center 
Bldg. 50, OC-521 

P.O. Box 25047 
Denver, CO 80225 


INT.-BU.OF MINES,PGH.,PA. 26366 







: ‘ 3 P ” 7 * i ake Sty ries i 
rh td “ait CN “yay ve oe i it \ a a ‘ 
-% Poy SEP 4 eT faeane a 

: a7 as 


. 
ey 


WOte Det pas twhie sy md Ms 
wimionhek -~.obo5. os | © cc) VIA Th “i sk disty yet wage x Rest Nerd 
e ; AA va. a ac od Sata. it avon eee of.” ™ “ Wekard4 i. vt, 

ea 3 see ‘ _ nee WwISth, Pie 5 ba Ai. 


s 













‘ OG OA ek cae RV WRN cb0 AN ORS oat ae ei ¥4 Astin ie 
| PAs | ie OA AOS at. DW a ae kon rIOEVESON MRD 

4 cao j ) eOBE | ae 

war BS ck. Aa ean le addol K 

Cubed: eye 8 RO, a cea yee: 


2% Pa 









1 if 
‘ 
7 
- 
i 
i 
S| ) { } 
Ane ag 
: ad i 
7 in 
¥ {it d 
af a, 
, y 4 P 
4 = : 
s rf 
I i Py 
rae ‘aan fai ) 
uy > q Vy 1m ie pay } mh ‘ Pa ayy" : 
j a Soh ao, | " SA od iT, MS ol wi ais ee 
- P b? ¥ t 7 ; 
ey om ia ; molt i s 
aot ae iM , 


Romer ee 


A 





Sy ! ‘ | ‘ a 


as Ce ee © Bee en ee Oe A ye ce ee 


i yey Fi Cee 
me =F wee = 


Paper’ 


pati Lash 


*% 
- Se a. 





BLM Library 


Bldg. 50, OC-521 
ete, BOX 25047: | 
Denver, CO 80225 


Denver Federal Center 


‘ 


CPA 


‘ 4 re 





as 






rem 


hs ys nbih & . 
le ee, ie / Th “eh q- «4 


Ly 


> 
‘VA 
an 








